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650306-1535311 
459-707 

m^K\ cHsomm 102-303 

[^S] K R 
I^XU HI42£0| f?§(HI ©IS SSI, ^djS J1I6035°I ff§ 

oil 21 a s^j^a^ a s^sud. chsibj 

012*^ (oi) 

Diesel 20 m 29,000 a 

[^titas] 2 e 2,000 si 

0 >! OS! 
[feJA^^S] 5 m 269,000 SJ 

[HSU 300,000 SJ 
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1020020056997 #^ 2002/11/11 

#^^r 2] ^ 1H^*H ^ 3Jo_5., 7fll ^ 

*fl2 ^7l«4; ^-71 afli Tfli^ cf^gj-^MS <y^^> s}-^^- 

2] 4f^£^s S^^M- ^cf^^H ^7] Tfli^ H^l ^^sj-H-l-S. 

#3*Rr *IU jWbHMI^; *U ^ *fl2 ^-R- ^#7l^; >g-7l ^o. ^ 

7]^ #^ ^!Jl# t)U^ no] ^cf^sl-n^ <y ^ wto} sp^-g- cj-f^H ^2 

- ^t^^s ^7l ^112 ^-B- ^7i5i #^ f^iit ^-71 7ii2^ 

SIM <g ^ w>o> 4#£-^- cf^sj-^H ^7i Tfli^ 3£eoi cH^sj-im 

"o^iLS. 2ZL#^l ^-^-i- lH)*Rr Tj^- -Hf-^ICLS fVcf. 

£ 2 
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^ft&tt^^ W4l Ali^j^ %Q yg^x] {LIGHT SOURCE DEVICE OF WAVELENGTH 
DIVISION MULTIPLEXING OPTICAL COMMUNICATION SYSTEM} 

^}7l 5L^, 

51 5^ £ 4^1 2N-27fl^ 7fl^2] ^cfl^^^Eil;^ ^tfl^ s.^ 

51 7£r £ 6^ ^€ ^MS^l^ ^M^H N-1 7fl^ ^ofl #ofl ^-^ 
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1020020056997 ^ 2002/11/11 

<8> a. ^ o. 4^V«.^-rf^( wavelength division multiplexing)^ ^ ^1^4 Jfr 

<9> ^HH ^-g-^* ^44 4« M# o]^.^ 

Wave length Division Multiplexing, WDM) tfl^- ^t l 7> ^e-o^jT. 

4. 4«fl 4^£W# ^i^H 4^ ^^^>J17> ^ 3f- 

?>£^ eflol^ 7 > A}&S\JL &4. ^44, °14H> WVS^I 44 

4 eflol^7]- ^-^#^1^^-(ITU)^^ ^JlSRr 4 ; 5HH ^^ftE^- 3}!J *l-7ll ^4 4^°) 
44, £r3E«- 4444 #3 4^ 444?1 nfl^ofl 4^1^ 7 > ^^>tf. 4 

44, 4^4 ^14 ^4- *I14444 ^ 4# ^7> ^7j-44 4^£7> 

4=711 44. ^ 4^, 4^44 44^ #€4 ^-2.^ ^-f 7> a£ 

-2-44 €4. 

<io> o]e^ -S-^ll- Sfl^*>J17> 27fl^ lxN Hfl^ £4^^ 444 ol-g-^7} 

=§^4 (EDFA)l- o|-g-^j- T};3j.*J- el] o]^ ^#44 7M€ 4 oicf. 

<n> £ l^r #44 444 3144 1HPJ-44 n^-i- 444 £r £^44. 
<i2> £ lofl a>sf ^o], ^Bflo^ t)-4^ efloi^i ^ lH3#4fe 44£^- 4^5f 

4(10)4 4#£-^r 44#44(20))4 N7fl4 £S» 44 f^-lf(30)s ^^I-ji, #4 
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^•fr(30) 44°fl ^ 71(40)1- flfl4^4. #7} 4^444 4#£-«" <34 

#44(10,20)4 4#4 I§b ^-cfl^^-ozf^EKOBPF)^ ^-B-# 

4^r^ ^4^44(20)4 <^4#4 iEoj] c^^^ ^jn efl 44(60)4 JgJgofl 4 

*fl # ##7l(40HH 4<?l ^t^^r S>44 ^4^5- 4^4 4^44(10), 

^tfl^*4€^(50) ( 4^4 ^4^44(20), ZLSlJl ^ ^71(40) ^JLS. ^-4 4€ 
44 44^44 ^4. ^^^^4^^(50)^ ^7H JRH ol^ ti fl<g 5:4^ 

344 ^44 444 4~g-si4-. ^4, ^.^^^(50)^ 4^^- *j 

4^44(20)4 4^4 t!#^(70)1- «H444 44# 4-§-^- ^ ojo. 

4, # ^4(40)4 #3 #4 4^-S-t 4^44(10)4 "34^4 i^i n 7114 

^2:71 (80)# 4444 7fl^ A>-g-^- ^ olcf. 

^44, #4 #44 ^ ^#4^r #€4 4^44 ^ , ^11- #4, 
^4 N7fl4 4^ 2ms. 4^43 ^-f , ^4 4^4 44 4 ^-£-4711 
€4. ^, #44 44^ ^ 444 4-§-^ ^-f N7fl4 4^ 4#53* 4 

4 #H44 27114 lxN «fl<M H^sl 444 # #^-41- 4-§-44 N 7fl4 
^jl, 41 347} a# 4*cH4 -^44^4 ^r£7> 44444 ^4. 4 

44, 4^M1 4€- ^44-8- ^444 S.^ ^4 ^4# 4444 44£ ^4 -g-4 
34 $14. 
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«4f2l-£^ ^l^-^^l *lli^ ^ m^r Ml- ^tii^H, ^"71 

^t^t^H #7l ^12^ ^Ecq ^tf^sJ-^tES-^. ^^H, A]2 W-^7lS-^-Ei 

^-71 ^12^- SS^l <3^o> 4^^" ^f^H ^-71 ^1^ 

3LEo} «cff^£E ts . #^?>Kr *fll ^sR-*^;' #71 *fll 4#&(-Y-E^ ^12^- 3. 

HO} ^f^IE t£ WE] #^Sl^ ^^1 51*11 ^^Rr *fll 

^-fr ^71^, #71 *fll s|-#^Ei2l *)U=§f ^Ecq ^rf^sJ-jtE^^ #^5l^ 
^#<Hl ^1*11 7><?i «J-##,g- Mj-^i=. c}^5l *)12 ^-fr ^7l<4; z]-z}- ^uj-o^ cf^sl- 

5EE<4 Cf^Oj ^C}f^lE S Ol=-Ol^l ^ ^12^ £I| ^Wl^H, #7l *fll # 

A ^-S- ^7151 #3 f^llf #7l *fli* ^E5i ^4^5|-iEi-s. °g ^ ^a} 
c^shh ^-71 ^12^ iifil cf^sj-iEis. f^i-t*), #71 ^12 #^-R- ^7151 

#^!JL« A o V 7] ^12^ ^EO^ Cj^S^ ES.^ <$^o} 2)-#^-^- tff^*M ^"71 *fll 

# £MS1 cl-^Sf-iEE. ^12 5|-#e}-4-Bl; ^ #7l *fl2 s\-%^B\°) *fl2# i 

S^l cf^sj-^ES. #^sl^ cf2)-# ^ s.^ %Q ^ ^ ^V-i: -f-^l^ #71 ^1 4 
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^-Ef-fE^ XU# 5LS^1 t^S^E^. X|i ^tfl* ^.jq-^E^, >^7] X| 2 4# 

^ ^71 X|l s^sH-E^ X| 2^- 112] t^Sj-iMS. ^^Hf- X12 ^-tfl^ ^€^1 

-*7l Xll ^S7l^-f-Ei <y^3^r og^ H j.^o. S ^1^^ Xll ^S. 

«■ »*fl Xll ^*>51, ^"71 X12 ^« ^*$7}g.¥-B\ <tms)±; <^ 

^o.jL ^s}^ XI 2 ^Sf ^-*fl XI 2 ^-i: ^S^Kr ^.2.5. 

* -i^ofl ^l7l^ ^ofl tfl^; ^Xl^«^l -a»gol ^. ig-Tgo} ^ 

^ Xll ^ X]2 5^-^(100,200), ^9-fK301 *fl*l 308), ^7](401 ^) 

406), ^cfl^-f-^E-l (510,520), ^71(610,620), 7] #&| (710,720) £ # o>o] 

(910,920)1- 5Lf-*H tM^^. 
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<22> »n sJ-^-fB](100)fe ^ AA m^S) 5£M» ^l^H, 

N7flS] £E fe zj-ij- Rl lf Rl 2> Rl 3> mmmi Rl n o)^. S.7]€[JL, ^ N7fl£| ■ 11^ ^ 
4 Lli, Li 2 , Ll 3> .... L1 N ^B1- S7)t!:4. *fl2 ^A^](200) <$*\ £ #^<EH 

AA N7fl^^ lit ^Hl*>H, N7fl^ £EH ^ R2l) R2 2) R2 3 , .... 

R2 N ole} a7l^JL, €^ N7fl^ sm^r AA L2 lf L2 2 , L2 3 , .... L2 N o]^ S7l*lcf. 

<23> E|.;£eH-Ei (100)3 Rl 1; Rl 2> Rl 3> Rl^^Efe. ^ Cff^S. E 5.*) Z^Zj- 

^12 4^-?-^ (200)^ ^rf^^E L2l) L2 2 , L2 3) .... L2 N _!4 ^-^-(301,302,303) 
# **fl ^1^5] Jl, ^ #^71(401,402,403)7} afl^^c)-. v}^}*)^ , afli 

^eJ-fEl(ioo)^ Ll 2 , Ll 3 , Ll 4 , L1 N H^- ^cffte^ ^ ^ 2 sj-^-f 
EK200)^ ^rf^^E R 2 2) R2 3 , R2 4 .... R2 N ^)- #^(304,305,306)1- -f-^fl 
<a^^31, A ^-SHItt ^^71(404,405,406)7} Hfl^l^^. 

<24> ^ ^-sl-^B^KOBPFl, 510)^ ^11 4^-el-^-EKlOO)^ c^s^e Lli ^ A]2 

^E]-fEi(200)^ t\-^s_m. R2 1 a>o]o 1 1 afl^£]^ ; ^-R-( 307)1- ^Sfl A II 
» v\&7}x}3_, A}2 #tfl<3 f-3Hi^(0BPS2, 520))^ *fll 3 (100)3 

ri n 4 ^]2 ji(.^-el-OEK200)^ ^B^H R2 N A>olo]i Bfl^sH, #^-f}-(308) 
» **fl A H# 

<25> ^ x) 2 3g3g-£ ^71(610,620)^ AA A2 ^eR-e! (200)3 tj-^sj- 

iM(R2 1) L2 N ))S 

<26> ^ o. ^ 7 l(40i ufl^l 406)^ 7^12 5|-^-Sl-^-El(200)l- ^q-f^ £H 
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(Er)°14 =sM]iL#(Pr), 2L±r ^SL^iHd) 4£fKrare-earth) °}-&^r SL*8 

(doppirig)*H XlS4 ^8-fMI ±^ 4^ £±r ^#(pump light)^- 

^f;}7\) 4^ o]^ c^ 7 ]c]) *m 4* 0 K§- ^tt ##*M1 ^ 

^4 ^ ^ #44^r ^^7> ##4X1 44- 

XI 1 ^ XI 2 % 4°1 #314 4 (910,920)^ XI 1 4 ; £4-t-4(100)4 Lli4 XI 2 4^4 
-f4(200)4 R2 r g- ^SRr 4#4 ^i3.4 XI 1 4#4 J i L 4 (100)4 Rl N 4 XI 2 4^4^ 
4(200)4 L2 N * ^SRr 4#4 *%el*\] «fl444. ^ji ^ *|]2 # oH#efl°14 
(910,920)^ ##7HH 4<2 ^#^1 afl<l J£4^ -f-^fl cf^ £E £ 
^S)ol 4-E- ^4| ^l^m ^-§- #4*1-71 4f-<>14. ^ *fl 2 % o}olts)l 
°14(910,920)£r 44# 3H4 A lt A 2> A 3 , ^-^4 A x \ A 2 \ A 3 ' 

^N-i'^ d l 4€- U-^s. ^WXl yfll £.4^ 341- ^fl iHm 

4. 

A o V 44 ^-fr £"tt 1^4 1H3#44 4"§"4 £4. 

XI 1 ^7l(610)S.^-E] ^4 44 *fl2 4^4-f4(200)4 4# 

3* IS R2 X S <a^5)JL, XI 2 4#4-f4(200)o114 ^JeL^ £^44 N-l7fl4 <34#4 

£S L2 1( L2 2> L2 3 L2 N _!» **fl 4^^ ^4#4 44 #^44. 4^«" <3 

4#44 ^^-(301, 302,303)* -f-Sfl # ^71(401,402,403)^1 <y^4Jl, °1 

^1 4*fl # ##4 (401,402,403)^ 4<3 ^4"4 44. ^4 4<3 

XI l 4^4-^4(100)4 ^4#4^s Ri lf ri 2 , ri 3 ri^s. <y^44 4^* 4 
#44 4 XU 4^4-^4(100)4 4f^£S Li 
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1^. #34:n, ^-cfl^ f-4^4(510)«- *^fl 4^1 #^4^, 44 ^|2 
4^4-^4(200)4 rf^sj- i§ R2^ <^44. ^lsltb 4^ 4<2 

5i]o]^^>7ll 44 4#£-^"4f 1 4^4 %QSLS. 4-§-44. o] ^ N _l 

7flw ^l, ^2. /1 3 ^N-l^- &4^" nfl, 4^445. *J ^2 14^ 

^1 IE f O^l^ ,| S o ^ ^ 2 , ( _ A}i _ 1 < SL S A]£)^ N-l 7 fl 

4 ^ ^ 

42 ^-^71 ( 620)5. JfE-1 44 A2 4^44-4 (200)4 4^ 

4 II L2 N °.5. <y^4^, aj)2 4^-4- s i L 4(206H4 iSjiej £-^-44 N-l7fl4 
4 IS R2 1; R2 2 , R2 3 , R2N-!* ^ 44£t <34^4 44 #344. 4^-^ 

"34^44 (304 ,305 ,306)* ^g-4 # ^71(404,405,406)^1 °^^4^l, 

°H S\n ^ ^4 (404,405,406)^ 4<2 44. ^4 4<3 

^ *)U 4^44-4(100)4 ^4^4-15 li 2 , li 3 , Li 4 .... Li N 5 <3^44 4^-^ 4 
^44 3 41 4^44-4(100)4 4f^H Ri N 5 #34^i, 42 ^4^4 
(520) # #4 ^i^sljL, cfX| sj-^-el- o.Bldoo)^ q-^gj. £ e L2 N °.5. 

44. ols]* 4^* #4sH 4<2 w o v #^ 3H3I44 44 44-£-44^ #-f-4l 4 

i^4 4-§"44. 

^-71 4*cH4 ^i, A 2 , ^3. .... ^n-i 4^ 4i ^-tfl^ ^4^4 (5io)# 

4^, /*i\ ^ 2 '. ^3' ^N-l'^ 42 ^-4€4(520)# -f-4 ^ 

^44 44. ^tr, ^4<3 ^4€^i (510,520)4 ^4 s.^^. FS R(Free Spectral Range) 
4 ^ 4 n J-§- ^444 ^s.^ 45. 4^ 4^4 ^T^Al^ ^-^o, - # 



21-11 



1020020056997 2002/11/11 

<32> ^tb, N-l 7fl4 ^-8: ol^-§>ji^> ^-foil^ & z\] 2 #tfl 

^ ^4^(510,520) ^ ^12 ^#£1(710,720)1- wfl^^-o.^ 4^2)-^ ^1 

^>7l Jfl^ #^(610)^: $n A>-g-5]^ ^4 Cf^- ^J- cfl^ofl 

^7fl5r>7fl ^cf. aq-^i, £ 3*11 ^-ol WDM ^(61)* ^}-§-*H ^ = 

wfl^ 344 ^ 4# 2l-fBi(200)^ t^sj- ^S(Ri)S. ^7>^r , 4# 

4^1(200)4 ^7l^<y ^o]] ^sfl 3gxr ^gfle^ ^ e^-f (200) 

^cf^Sj- IE( L2l , L2 2 , L2 3 , .... L2 N _!)1- -?-tfl #^£4. 4#£-«: 4^5^ ^ 
^-fK 301, 302,302)-!- -f-Sfl ^-n- (401,402,403)5. «y7}4^ # 

^7l7> ^7l^A^ ^ ^ ^S.^- *V4. ^ o. ^71(401,402,403)^ 

-B-^l <H#(ErH4 ^^l^(Pr), iE^r HI JiLf-(Nd) ^4 Sj^MHrare-earth) <>1^§- 
JE^sH *fls^ ^iAS, o]e^ ^-fHI ±^ 4#* ^^(pump light)* ^ 

^>7fl 5]^ c^H 4*fl ^ 4^4 -^H^>» tiJ-#T5l-7fl 

^^1- f-*fl #44^ ^^7> #^€4. 
<34> £ 4^r ^4 °^ ^HH <4€-, 2N-27fl4 ^-^ ^vg^ 4#-g-^4f l # 

^.Al ^ 1-W*14 ^-g- 44^ ^oIji, £ 5^ £ 4^ 2N-27fl4 *fl 
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<35> £ 4^1 £4€ 2N-2 7fl<5] %Q^r ^^^>7] %Q ^#44 ^#*V £ 

2^1 ^°1]4 ^-n- (401 44 406)4 *fll 4^44-44 ^4f^H Rli. RI2 

, Rl 3 .... Rl N _i 4°H 2N-2 7l|4 ?1#iH(701 44 706)4 ^S7|(801 44 806) 7> 4 
«ti*m ^-fc 3Hr4. f , 4 sHa-SS ^H^Kr ^ 4^4 4 #4 (701 4 

4 706)1- 4-8-*>4 ^, 44*11 <q« ^S7l(801 44 806)1- 44 s- 

* 3^43. 4-§-^ ^ ^ ^o]cf. wfl<g £43.tg 344 ^ 4# 4 

-*Ei4 ^7}^°± ^HMl 4 iSofl^ FSRCFree Spectral Range) 1 ?! 

^ 14*1 ^4 aJjme ^*>7fl €4. 444, ^ 5^1 £4€ w>4- ^o] ^-cfl^ 
Ei (510,520)2} cfl^^r FSR4^ ^4 4^-2-5. #€4 2^5. 44^; 

^ 5^4. 

<36> £ 6 £r £ ^4 4€- -^HH 4^, n-1 7fl4 #°ti ^34 ii 71 

it* 4^ $ 4^«"4^ 4^ 4^4 jfr<£ ig^^cq ^ o. u^xflis. c^ol 

-H, £ 7^: £ 64 ^ ^#44 N-i 7||4 #°fl ^tH94 iLJL* 

4^: #4^ ^4^44 ¥44^ 444 H^44. 

<37> £ 6<>fl £.43 N-i 7fl4 ^-ofl ^-^ J£J: 4^g- 4£^T 4#£-^ 

4# 4^4 ^ 1-^^44 4#tb £ 24 ^°114, ^4 

(401 44 406)4 *fli 4^-4-^44 ^4^4i^ Rli, RI2, RI3 .... R1n-i a >°H1 2N-2 
7114 7H-EK701 44 706)4 N-l 7fl4 3" ^44(14,25,36) ^ N-1 7fl4 
(807,808,809)7]- 4 4*14 ¥^ 3Hr4. ^, 4 4^5. ^H^Hr ^€^r 4 
#4 4#4(701 44 706)1- 4-g-*H ^-el^r 44^ 1x2 ^44(14,25,36)* * 
Sfl 4^ ^S7l (807,808,809)* 44 *<M HJi7j^g- ^414^ 4-g-^r 
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^ $l5m *V ^Mcf. Ai' #€(304H #ofl ^vaJaI ^41*1 (14)3 <?1^^« 

/tr&31 (301)^5. «]-^<H ^^-^ cfl^l^H ^V-g-^ °H, S 

7°i) «>^- go) ^]i ^ ^2 ^-cfl^ (510,520)^ ^4 s/j| ^3. 

^-g- ^Al^ ^-*f #€^1 *§HS^- ^-f cf^ 

s ^ *H c^hi ^^^^^ o>q sh ^#*Kr s.^)^ 

*fl\^ JL^r^^-S. ^ 9151, H-*f #^H1 ^-ofl 7 > ^ cf = ^o. 

3. cfl^l^H ^ ^JE-^ *Vrf. n)-5H, cf^cq ^<g 0 ] ^iL*V aI^^o]]^ 
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^ 5}-^ ^^S^-* #3*Hr *U ^ *fl2 ^7lsq-; 
^^ti>o> ^t^sj-sH av 7 ) lis] ^^sF^es-s. 2 ^ 

^71 XI 1 Xl2# IIS] ^Cf^Htl^-^ #^3^ 

*fl « 0 >#^ t^^m AM #^7l^, ^-7] xll -^aH-^^ 

^ <5>^cq cf^iEsf t^aj ^cf^sJ-iHi^ ol^cX^l XI 1^ ^ *fl2^f 51 
1- ^Wl^H, ^7) Xll M-B- ^#71^ #^ ^Jl* ^"71 X]l^ IIS] ^Cf^^-iH 

1-S <y^«lo> sf^Kg-^- cB^t&H #7] X]2^ £15} i}^s}-£11 #^*>*1, #7l 
^2 ^7l°l #^ ^Jif ^-71 XI 2^ £15} ^f^nts. <U^°\ 4# 

^S^H ^"71 XI m £15} 4^3>}-£ll #^Kr X12 ; ^ 

^•71 X12 X12^ £15] 4f^£ll ^ ^ ^ 

Cfl^^ #4^1^ ^-7] Xll S)-^-5l-f E-151 XI 1^ £1^1 Cf#s}-£11 XI 

1 #31 "3 ^^HS^s}-, ^-71 X12 ^J-eK-Eisi XI 1^ £151 q-^<s}-£ll cj-s}- 
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# # ^ ^€ tfl^^-fi- ^7} *fll B\ 9] *fl2^ S.B.9] tff^i 

^*Hr ^]2 #^<* -f-4€3» if-^H t^sH, 

^71 *fll ^7l^Ei ^3g^-o) og^^^ ^*Hfr *fll ^3- 

2] 

*)1 1 S^^i, #7] ^ *fl2 ^-^o] 4^- Sr#4 #^.g- % 

*m ^rl- ^ #7l *fll #tfl<* -f-4^ E ^ # 7 j ^ 2 ^-tfl^ 

Ei^r 4^- ^ f^Al 4#^W# 

3] 

^44 FSRCFree Spectral Range)^ t^o^. ^ gj. 

^ 4#-g-1>4# #41 Al^ego] ^ «M8#*1. 
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